Backgrounds/Aims: Long non-coding RNA (lncRNA) X-inactive specific transcript (XIST) is involved in the progression of several tumors. The interaction between lncRNA and miRNA or miRNA's target genes is reported to play crucial roles in malignancy. In addition, Androgen receptor (AR) is considered to be involved in bladder cancer progression. In this study, we investigated the role of XIST in human bladder cancer and its interaction with miR-124 and AR. Methods: XIST and AR expression was detected in bladder tumor samples and cell lines. Effects of XIST and AR on bladder cancer cells growth, invasion and migration were analyzed. Bioinformatic analysis and luciferase assays were used to identify the interaction among XIST, AR and miR-124. The correlations of miR-124 with XIST and AR in bladder cancer samples were statistically analyzed. Results: XIST and AR were upregulated in bladder cancer tissues and positively correlated. Higher XIST and AR expression were related to poorer TNM stage of bladder cancer. XIST knockdown reduced bladder cancer cells' proliferation, invasion and migration. While this inhibitory effect could be partially restored by AR overexpression. XIST inhibited miR-124 expression by directly targeting. Moreover, miR-124 could bind to the 3'UTR of AR to regulate its expression. MiR-124 inhibition partially restored the XIST knockdown-induced reduction of AR, c-myc, p27, MMP13 and MMP9 expression. In bladder cancer tissues, miR-124 level was inversely correlated with the expression of XIST and AR, respectively. Conclusion: These findings indicated that XIST might be an oncogenic lncRNA that promoted the bladder cancer growth, invasion and migration via miR-124 dependent AR regulation.
Introduction
Bladder cancer (BC) is the most common and most fatal type of urinary tumor [1, 2] . Although 5-year survival rates in BC patients have improved, one third of all patients still experiences recurrence. Emerging evidence suggests that BC recurrence is related to cell proliferation and invasion, and the molecular mechanisms that regulate the proliferation, invasion in BC are a topic of current research [3] [4] [5] .
Human genome sequence data indicate that more than 90% of the DNA sequences actively transcribed but only 2% of it encodes a protein, thus the majority of transcripts are referred to as non-coding RNAs (ncRNAs) [6, 7] . Small non-coding RNAs such as microRNAs have been studied extensively and their roles in gene regulation and cell function have been elucidated innumerous cancers [7] . Recent studies have shown that long non-coding RNAs (lncRNAs) play important roles in both normal development and diseases including cancer [8] . LncRNAs have emerged as new players in cancer research and several studies has shown that some lncRNAs function as oncogenes, tumor suppressor genes or both, depending on the circumstance [9] . X-inactive specific transcript (XIST), one of the novel-found LncRNA, has been confirmed that dysfunctional expression has a pathological role in cancer [10] . LncRNA XIST can act as a predictive biomarker for screening non-small lung cancer [11] . Moreover, high XIST expression was significantly correlated with gastric cancer tumor size and late TNM stage [12] .
The mechanisms by which lncRNAs exert their effect varies under different conditions, however, emerging evidences have revealed that the interaction between lncRNAs and microRNAs plays a major role [13, 14] . XIST regulates gastric cancer progression by acting as a molecular sponge of miR-101 to modulate EZH2 expression [15] . MiR-92b promotes hepatocellular carcinoma progression by targeting Smad7 and is mediated by XIST [16] .
Androgen receptor (AR) is a ligand-dependent transcriptional factor that regulates the biologic functions of androgens. It has been confirmed that AR plays a crucial role in malignancies of the prostate, kidney, breast and bladder cancers [17] . In bladder cancer, high expression of AR has been observed and positively correlated with disease progression [18] . Moreover, AR signaling may also contribute to invasion and metastasis of bladder cancer [17] .
In this study, we report an interaction between X-inactive specific transcript (XIST) and miR-124 which regulates bladder cancer cell growth, invasion and migration through directly targeting the androgen receptor (AR). Our findings provide a novel understanding of the role of XIST/miR-124/AR in bladder cancer growth, invasion and migration, and the mechanism involved.
Materials and Methods

Tissue samples, cell lines
We collected a large panel of 67 paired bladder cancer tissues and the matched adjacent non-tumor tissues. We obtained all samples from patients who underwent surgical resection at Xiangya Hospital of Central South University (Changsha, China). All the human tissues were obtained with informed consent and this study was approved by the Clinical Research Ethics Committee of The Xiangya Hospital of Central South University. The tissues were snap-frozen in liquid nitrogen, and then stored at -80°C.
We purchased human bladder cancer cell lines, TCC-SUP, EJ, SW780 and UM-UC-3 cells and human uroepithelium epithelial SV40 immortalized cell SV-HUC-1 from the American Type Culture Collection (Manassas, VA, USA). They were cultured in RPMI-1640 medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (Gibco, CA, USA) at 37°C in a humidified atmosphere with 5% CO 2 .
Cell transfection
The expression of miR-124 was achieved by transfection of miR-124 mimics or miR-124 inhibitor (Genepharma, Shanghai, China) using Lipofectamine 2000 (Invitrogen). A pCMV-AR vector was used to achieve overexpression of AR (GeneCopoecia, Guangzhou, China). SiRNA1 (sense: 5'-UUU UGA AGC AUA UUU  UGG CUU TT-3'; anti-sense: 5'-GCC AAA AUA UGC UUC AAA AGA TT-3') and siRNA2 (sense: 5'-AUA CUU UGG  GCC UUC UAU CCA TT-3'; anti-sense: 5'-GAU AGA AGG CCC AAA GUA UAA TT-3' )were used to achieve XIST knockdown (GenePharma, Shanghai, China), Cells were plated in 6-well plates or 96-well plates, transfected, incubated for 24 h or 48 h and used for further assays or RNA/protein extraction.
RNA extraction and SYBR green quantitative PCR analysis
We extracted total RNA from cells using Trizol reagent (Invitrogen, CA, USA). For miRNA, RNA was converted into cDNA using miScriptRT kits (Qiagen, German) according to the manufacturer's instruction. Mature miR-124 expressions in cells were detected using a Hairpin-it TM miRNAs qPCR kit (Genepharma, Shanghai, China). We used expression of RNU6B as an endogenous control. For lncRNA and mRNA, RNA was converted in to cDNA using PrimeScript RT kits (Takara, Japan) according to the manufacturer's instruction. The XIST expression and AR mRNA levels was measured by SYBR Green qPCR assay (Takara, Dalian, China). GAPDH was used as endogenous control.Primers were showed in Table 1 .. Data was processed using 2 -ΔΔCT method.
MTT assay
A modified MTT assay was used to evaluate cell viability. After seeding 2×10 3 transfected cells/well into 96-well culture plates we assessed the viability of bladder cancer cells transfected with the indicated vectors at five time points (on day 1, 2, 3, 4 and 5). In brief, quantification of mitochondrial dehydrogenase activity was achieved through the enzymatic conversion of MTT [3-(4, 5-dimethyldiazol-2-yl)-2, 5-diphenyltetrazolium bromide; Sigma-Aldrich, MO, USA] to a colored formazan product. MTT (10 μl, 10 mg/ ml) was added to the cells, incubated for 4 h, and we terminated the reaction by removal of the supernatant and addition of 100 μl DMSO to dissolve the formazan product. After 0.5 h, the optical density (OD) of each well was measured at 450 nm using a plate reader (ELx808 Bio-Tek Instruments, City, ST, USA).
BrdU assays
By measuring 5-Bromo-2-deoxyUridine (BrdU) incorporation, the DNA synthesis in proliferating cells was determined. BrdU assays were conducted at 48 h after TCC-SUP and UM-UC-3 cells were transfected with si-NC/si-Xist and/or pCMV/pCMV-AR vectors. Cells were seeded in 96-well culture plates at a density of 2 × 10 3 cells/well, cultured for 48 h, then incubated with a final concentration of 10 μM BrdU (BD Pharmingen, San Diego, CA, USA) for 2 h. When the incubation period ended, the medium was removed, the cells were fixed for 30 min at RT, incubated with peroxidase-coupled anti-BrdU-antibody (Sigma-Aldrich) for 60 min at RT, washed three times with PBS, incubated with peroxidase substrate (tetramethylbenzidine) for 30 min, and the 490 nm absorbance values were measured for each well. Background BrdU immunofluorescence was determined in cells not exposed to BrdU but stained with the BrdU antibody.
Transwell assay Cells (5× 10 5 cells/well) were plated on the top side of polycarbonate Transwell filter coated(for invasion assays) or uncoated (for migration assays) with Matrigel in the top chamber (Cell Biolabs, Inc. Santiago, USA). Cells were suspended in medium without serum and medium supplemented with serum was used as a chemoattractant in the bottom chamber. The cells were incubated at 37 °C for 48 h. The noninvasive cells in the top chambers were removed with cotton swabs. The migrated and invaded cells on the lower membrane surface were fixed in 100% methanol for 10 min, air-dried, then stained with DAPI (Beyotime Institute of Biotechnology, Haimen, China), and counted under a microscope.
Analysis of MMP9 and MMP13 activity
After transfection for 48h, the activities of MMP9 and MMP13 in culture media were collected and centrifuged at 10, 000 rpm for 5 min. 25 μl of the supernatant was used to measure MMP9 and MMP13 activities by SensoLytes Plus™ 520 MMP9 and MMP13 assay kits (AnaSpec, San Jose, CA, USA) according to the manufacturer's instruction. The fluorescence signal is monitored at Ex/Em=490 nm/520 nm by GloMax®-Multi+ Detection System (Promega, Madison, WI, USA).
Western blot analysis
The expression of AR, c-myc, p27, MMP9 and MMP13 in bladder cancer cells was detected by performing immunoblotting. We lysed cultured or transfected cells in RIPA buffer with 1% PMSF and loaded protein onto Luciferase reporter assay HEK293 cells (ATCC, USA) were seeded into a 24-well plate. For XIST and miR-124 interaction, cells were co-transfected with wild-type, mutated XIST reporter gene plasmid or pRL-TK plasmids, and miR-124 mimics or miR-124 inhibitor. For miR-124 and AR correlation, after cultured overnight, cells were co-transfected with the wildtype, mutated AR 3'UTR reporter plasmid or pRL-TK plasmids, and miR-124 mimics or miR-124 inhibitor. The wild-type or mutant reporter plasmids were purchased from Yrbio tech. Co. Ltd (Changsha, China). Luciferase assays were performed 48 h after transfection using the Dual Luciferase Reporter Assay System (Promega, WI, USA).
Statistical analysis
Data were exhibited as mean ± SD of three independent experiments and processed using SPSS 17.0 statistical software (SPSS, Chicago, IL, USA). By using Student's t-Tests we compared the expression of XIST, AR and miR-124 in bladder cancer tissues and the paired adjacent non-tumor tissues. The differences between groups were evaluated using the one-way ANOVA. The correlation of XIST, miR-124 and AR in BC tissues was analyzed by Spearman's rank correlation analysis. P values of <0.05 were considered statistically significant.
Results
Expression of XIST and AR in bladder cancer tissues and cell lines
Here we first determined the expression of XIST and AR in a large (Fig. 1A, B ). Spearman's rank correlation analysis showed that the expression of XIST and AR was positively correlated in tumor tissues (Fig. 1C) . XIST and AR expression in four bladder cancer cell lines, TCC-SUP, EJ, SW780 and UM-UC-3 and a normal cell line, SV-HUC-1 was determined using real-time PCR. Results showed that XIST and AR expression was up-regulated in bladder cancer cell lines compared with SV-HUC-1, consistent with the results in bladder cancer tissues (Fig.1D ). In addition, to investigate the relation of XIST or AR expression with the clinicopathologic features, we divided 67 patients into two groups, respectively: for XIST, a high XIST expression group (above the mean XIST expression, n = 34) and a low XIST expression group (below the mean XIST expression, n = 33); for AR, a high AR expression group (above the mean AR expression, n = 34) and a low AR expression group (below the mean AR expression, n = 33). As exhibited in Table 1 , high XIST expression and high AR expression were related to poorer TNM stage of bladder cancer ( Table 2 ).
The role of XIST and AR in bladder cancer cell proliferation, invasion and migration
We demonstrated high expression of XIST and AR in bladder cancer tissues and cell lines, and their relation to poorer TNM stage of bladder cancer; we next investigated the functional role of XIST and AR in bladder cancer proliferation, invasion and migration. Two siRNAs were transfected into TCC-SUP and UM-UC-3 cells to achieve XIST knockdown, and the inhibitory efficiency was verified using real-time PCR assays ( Fig. 2A) . In both TCC-SUP and UM-UC-3 cells, siRNA2 significantly down-regulated XIST expression, and was selected as si-XIST for subsequent experiments ( Fig. 2A) . TCC-SUP and UM-UC-3 cells were then co-transfected with si-NC/si-XIST and pCMV/AR, and the protein levels of AR were determined using Western blot assays. Results showed that in both TCC-SUP and UM-UC-3 cells, AR protein levels could be reduced by si-XIST transfection and promoted by AR vector transfection, while the inhibitory effect of si-XIST could be partially restored by AR vector transfection (Fig. 2B) . After co-transfection, the viability and proliferation of TCC-SUP and UM-UC-3 cells were determined using MTT and BrdU assays. Results showed that the viability and proliferation of TCC-SUP and UM-UC-3 cells was significantly down-regulated by si-XIST transfection, up-regulated by AR overexpression; the inhibitory effect of si-XIST on TCC-SUP and UM-UC-3 cells' viability and proliferation could be partially restored by AR overexpression (Fig. 2C, D) . Similar effect of si-XIST was observed in the cell invasion and migration assays: the invasive and migration ability of TCC-SUP and UM-UC-3 cells was down-regulated by si-XIST, up-regulated by AR overexpression, and the inhibitory effect of si-XIST on bladder cancer cells' invasion and migration could be partially restored by AR overexpression (Fig. 2E-F) . These data suggested that XIST might affect the cell proliferation and metastasis of bladder cancer through regulating AR expression.
XIST correlated with miR-124 by direct targeting
We revealed the functional role of XIST and AR in bladder cancer cells' proliferation, invasion and migration; next mechanistic assays were performed to investigate the mechanism 
124 expression was significantly increased by si-XIST transfection (Fig. 3A) , suggesting XIST indeed acted as a sponge of miR-124. Further, we investigated whether XIST binding to miR-124 to exert its function. MiR-124 mimics and miR-124 inhibitor were used to achieve miR-124 overexpression and inhibition, as verified using real-time PCR (Fig. 3B) . We then constructed a wt-XIST luciferase reporter vector (wt-XIST), as well as a mut-XIST luciferase reporter vector (mut-XIST) by sequentially mutating two predicted miR-124 binding sites in XIST (Fig. 3C ). The indicated vectors were then co-transfected with miR-124 NC/ miR-124 mimics into HEK293 cells to confirm XIST direct binding to miR-124. The luciferase activity of the wt-XIST luciferase reporter vector was significantly reduced in miR-124 mimics transfected HEK293 cells, whereas amplified in miR-124 inhibitor-transfected HEK293 cells, compared to mimics NC groups (Fig. 3D, E) . After mutation in the predicted binding site of miR-124 within XIST, the changes of luciferase activity were abolished (Fig. 3D, E) . These data indicated that XIST acts as a sponge of miR-124 to inhibit its expression through direct binding to miR-124.
XIST promoted AR expression through miR-124
Given that XIST inhibits miR-124 by targeting, and that XIST positively correlated with AR in bladder cancer tissues, we next investigated whether XIST regulated AR expression through miR-124. It was predicted that miR-124 could bind to and target the AR 3' UTR by using TargetScan, miRanda and miRWalk. A wt-AR 3' UTR luciferase reporter vector (wt-AR) was created to confirm this prediction, as well as a mut-AR 3' UTR luciferase reporter vector (mut-AR) by sequentially mutating the predicted 5 bp miR-124 binding site in the AR 3' UTR (Fig. 4A) . The indicated vectors and miR-124 mimics or inhibitor were co-transfected into HEK293 cells. In miR-124 mimics transfected cells the luciferase activity of the AR 3' UTR luciferase reporter vector was significantly reduced while it was induced in miR-124 (Fig. 4B) . Besides, mutation of the putative miR-124 binding site in the AR 3' UTR abolished miR-124-mediated repression of AR 3' UTR luciferase reporter activity (Fig. 4B) . Accumulating evidences revealed that c-myc is an AR target gene in bladder cancer and breast cancer [22, 23] . p27 is a major regulator of proliferation which exhibits inhibitory activity by binding cyclin E/Cdk2 complexes [24] . While, as an oncogene, c-myc abrogates p27 function in proliferation [25] . MMPs are a family of enzymes that degrade extracellular matrix (ECM), which promote tumor growth and metastasis [26] . In bladder cancer, MMP9 is correlated with tumor stage [27] . Moreover, increased AR signals might enhance BC cell invasion via increasing MMP13 expression [28] . Therefore, we monitored the protein levels of AR and proliferation-related factors, c-myc and p27, metastasis-related factors, MMP9 and MMP13, in response to the combined effect of si-XIST and miR-124 inhibitor in UM-UC-3 cells, which is more malignant compared with TCC-SUP cells. Results from Western blot showed that XIST knockdown significantly reduced the protein levels of AR, c-myc, MMP9 cells. The luciferase activity of the AR 3'UTR luciferase reporter vector was determined using dual luciferase assays. (C) si-Xist and miR-124 inhibitor were co-transfected into UM-UC-3 cells, the protein levels of AR, c-myc, p27, MMP13 and MMP9 were then monitored using Western blot assays. Protein level of GAPDH was used as an endogenous normalization. (D) and (E) The activities of MMP9 and MMP13 were determined by SensoLytes Plus™ 520 MMP9 and MMP13 assay kits. The data are showed as mean± SD of three independent experiments. * P<0.05, **P<0.01.
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and MMP13, but increased the p27 levels; miR-124 inhibition significantly promoted the protein levels of AR, c-myc, MMP9 and MMP13, but decreased the p27 levels; the effect of miR-124 inhibition on the protein levels of the indicated factors could be partially restored by XIST knockdown (Fig. 4C) . Moreover, the promote effect of miR-124 inhibition on MMP9 and MMP13 could be partially restored by XIST knockdown (Fig. 4D and E) .Taken together, XIST regulates AR and proliferation and metastasis-related factors' expression most possibly through miR-124.
The correlation of miR-124 with XIST and AR
Expression of miR-124 was determined in a large panel of 67 paired bladder tissues and corresponding adjacent non-tumor tissues using real-time PCR. Results showed that miR-124 was significantly down-regulated in bladder cancer tissues (Fig. 5A) . By performing Spearman's rank correlation analysis, we observed an inverse correlation between XIST and miR-124, an inverse correlation between AR and miR-124 (Fig. 5B, C) .
Discussion
Bladder cancer is the most common urinary system malignancy that originates from the bladder mucosa [29] . Statistics have shown that morbidity for bladder cancer is high among the urinary system malignancies [30] . Previous evidence refers that bladder cancer occurs at any age both in male and female, but the incidence is three to four times greater in male than in female [31, 32] . AR was involved in the biology of various diseases, including bladder cancer [32, 33] . Boorjian et al. revealed that AR is inversely correlated with bladder cancer pathologic tumor stage [34] . While, other studies confirmed that AR expression positively correlated with tumor stage and grade [18, 35] . Hence, the overall contribution of AR expression to bladder cancer progression was controversial.
LncRNA XIST has been reported to be up-regulated in many cancers [15, [36] [37] [38] . In cell lines created from the tissue of a patient with collecting duct carcinoma of the kidney, the XIST gene was found to have an increase in copy number [39] . XIST gene amplification has also been detected in microsatellite-unstable sporadic human colorectal cancer tissue when compared to corresponding normal colorectal epithelium [40] . However, the exact role of XIST in bladder cancer remains unclear. In bladder cancer, AR is reported to promote cell proliferation and migration [41] . Initially we looked at XIST and AR expression in bladder cancer tissues and corresponding adjacent non-tumor tissues. XIST and AR were highly expressed in bladder cancer tissues compared with adjacent non-tumor tissues. They were positively correlated with each other in bladder cancer tissues. As well, in bladder cancer cell lines, XIST and AR showed higher expression level compared with a normal cell line. Moreover, high expression of XIST and AR was related to poorer TNM stage of bladder cancer.
To investigate the functional role of XIST and AR in bladder cancer, further experiments were arranged. After siRNA knock down of XIST, AR protein level in TCC-SUP and UM-UC-3 cells was significantly downregulated (P < 0.01); while the inhibitory effect of si-XIST on AR protein level could be partially restored by pCMV-AR transfection. Moreover, siRNA knock down of XIST could repress cell proliferation, invasion and migration of TCC-SUP and UM-UC-3 cells; the inhibitory effect of si-XIST on cell proliferation, invasion and migration could be partially restored by pCMV-AR transfection. These results suggested that XIST and AR functions as oncogenes in bladder cancer, consistent with the results from Fang et al. that XIST acts as an oncogene in non-small cell lung cancer [37] , and the results from Zhang et al. that AR mediates proliferation of breast cancer cells [42] . Further experiments were performed to investigate the underlying mechanism by which XIST regulate AR expression and exerts its effect on bladder cancer cell proliferation, invasion and migration.
Alterations of miRNAs expression are implicated almost all fields of cancer biology, including cell growth, apoptosis, migration and/or invasion, and they can function as either tumor suppressors or oncogenes [43] [44] [45] . In this study, we focused on miR-124 because of its potential suppressive function in human malignances, including bladder cancer. Wang et al. indicated that miR-124 exerts tumor suppressive functions on the cell proliferation, motility and angiogenesis of bladder cancer by fine-tuning UHRF1 [21] . Zhang and colleagues reported that miR-124 retards bladder cancer growth by directly targeting CDK4 [46] . Moreover, lncRNAs can act as miRNA sponges, reducing their regulatory effect on mRNAs [13] . They could serve as ceRNAs to sponge miRNAs, thereby regulating gene expression. XIST functions as a miRNA sponge of miR-449a, which was a negative regulator of Bcl-2 [47] . XIST up-regulates the expression of miR-34a-5p targeted gene E2F3 through acting as a competitive 'sponge' of miR-34a-5p [48] . Here, we hypothesized that XIST might act as a competitive sponge of miR-124 to inhibit miR-124 expression. To verify this hypothesis, we evaluated miR-124 expression in response to XIST. In fact, in response to XIST knockdown, miR-124 expression was significantly up-regulated in TCC-SUP and UM-UC-3 cell lines. In addition, by using the luciferase reporter gene assays, we confirmed that XIST directly binds to miR-124 to inhibit its expression. These data indicated that XIST indeed serve as a sponge of miR-124.
The impact of specific miRNAs on cancer biology depends on their downstream targets [49, 50] . Different prediction algorithms were used to predict gene targets for miR-124 so that to elucidate the underlying mechanisms involved in the miR-124-induced inhibition of bladder cancer growth invasion and migration. Given that XIST was positively correlated with AR, we next validated whether AR was the downstream gene of miR-124. As confirmed by luciferase reporter gene assays, miR-124 directly binds to the 3'UTR of AR. Previous studies reported that persistent AR activity in advanced disease regulates cell cycle activity, steroid biosynthesis and anabolic metabolism in conjunction with regulatory co-factors, such as the E2F family, c-myc and signal transducer and activator of transcription (STAT) transcription factors [51] . C-myc could repress the proliferation inhibitor p27 expression which is decreased in BC tissues [52] . MMPs are a family of enzymes that degrade extracellular matrix (ECM), which promote tumor growth and metastasis [26] . In bladder cancer, MMP9 is correlated with tumor stage [27] . Moreover, increased AR signals might enhance BC cell invasion via increasing MMP13 expression [28] . Here we further monitored the protein levels of AR, c-myc, p27, MMP13 and MMP9 in response to XIST knockdown and miR-124 inhibition. As showed by Western blot assays, the protein levels of AR, c-myc, MMP13 and MMP9 could be significantly down-regulated by si-XIST, while up-regulated by miR-124 inhibition. In contrast, p27 protein levels could be significantly up-regulated by si-XIST, while down-regulated by miR-124 inhibition. The inhibitory effect of si-XIST on these proteins could be partially restored by miR-124 inhibition. These data indicated that XIST might regulate bladder cancer cells' proliferation, invasion and migration through miR-124/ AR, and subsequently c-myc, p27, MMP13 and MMP9. Moreover, miR-124 expression was down-regulated in bladder cancer tissues compared with corresponding adjacent non-tumor tissues which were consistent with previous report [53] . In bladder cancer tissues, miR-124 expression was inversely correlated with XIST and AR expression, respectively. These further indicated that, rescuing miR-124 expression to suppress the promotive effect of XIST on AR expression, and to inhibit AR expression, presented a promising strategy for regulation of bladder cancer cell proliferation and metastasis, thus to affect the progression of bladder cancer. In addition to the present study, dysfunctions of lncRNAs and miRNAs in bladder cancer have been frequently reported. Li et al. reported that UCA1 may serve as a natural molecular sponge to block the tumor suppressor role of miR-16; further, the 'seed region' of miR-16 directly binds to the 3'UTR of GLS2 mRNA and regulates GLS2 expression level. UCA1 regulates the expression of GLS2 through interfering with miR-16, and represses ROS formation in bladder cancer cells to promote bladder cancer progression [54] . SPRY4-IT1 positively regulated the expression of EZH2 through sponging miR-101-3p, and played an oncogenic role in bladder cancer progression [55] . Consistent with the previous studies, we also demonstrated that lncRNA acts as a sponge of miRNA, thus to regulate the downstream gene expression, which has been regarded as an essential mechanism of lncRNA-miRNA interaction [13] . By restoring the balance in this regulatory relationship, cancer progression can be affected, even improved.
Conclusion
In summary, it was identified that through AR, bladder cancer cell proliferation invasion and migration are promoted by XIST; these effects are due to the regulation of miR-124 by XIST. The XIST/miR-124/AR axis identified in the present study may play a key role in regulating bladder cancer cells proliferation, invasion and migration.
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